Forty-eight of 134 chickens collected from a flock on a broiler farm were diagnosed pathologically and microbiologically to have colibacillosis. Both acute septicemia (seven birds, 1 to 36 days old) and subacute serositis (41 birds, 5 to 57 days old) were found. The former consisted of necrosis with fibrinous exudates in the ellipsoids and lymphoid follicles of the spleen, and fibrinous thrombi in sinusoids of the liver with occasional necrosis of hepatic cells. The latter had fibrinopurulent inflammation with granulomatous changes in the serosal tissues-including the epicardium, pericardium, and hepatic peritoneal sac-accompanied by septicemic lesions in the spleen and liver. Respiratory lesions (airsacculitis, pneumonia, and tracheitis) were noted in most chickens affected with acute septicemia and subacute serositis. Degenerative changes also were observed in the bursa of Fabricius.
Materials and Methods
with hematoxylin and eosin (HE); some sections also were stained with periodic acid-Schiff, Gomori's silver, phosphotungstic acid-hematoxylin, Gram's, and toluidine blue solution.
For bacteriological isolation, the tissues (liver, heart, air sac, trachea, and other organs with lesions) were pressed with sterile swabs. Swabs were cultured in deoxycholate-hydrogen sulfide-lactose (DHL) agar and chicken meat infusion agar plates. For isolation of mycoplasma, the swabs from the air sac and infraorbital sinus were cultured in Frey's medium. Isolated bacteria and mycoplasma were identified by standard bacteriological procedures. Escherichia coli 94 isolates were serotyped only for capsular antigens 0 2 and 078. Virological examination was done to identify avian adenovirus, reovirus, and picornavirus, as well as other viruses in this broiler flock. Viruses were isolated from tracheal and rectal samples with chicken kidney cell cultures. Serum antibody (gel-diffusion One hundred thifly-four one-to 57-day-oId chickens were collected chronologically from a flock on a broiler farm between April 30 and June 25 in 1982. Outbreaks of colibacillosis had occurred on the farm for many years. Previous diagnosis of this disease was done with macroscopical and/or bacteriological findings on this farm. The flock was comprised of 16,830 birds which were raised in a closed house. Materials were collected twice a week and always included five clinically healthy birds, five to ten birds selected because of leg weakness, and five to ten birds which died on the day of collection. The broiler breeders had been vaccinated against infectious bursal disease virus. The broiler chicks had received live Newcastle disease virus vaccine at eight and 29 days of age. They were given an antibiotic (tylosin) against mycoplasmosis at six and 23 days of age.
For histological examination, tissues were fixed with 10% buffered formalin, dehydrated in alcohols, embedded in par-precipitin) against infectious bursal disease virus was assessed in clinically healthy birds at 1, 2, 3, 4, 5, and 6 weeks of age.
Results
Forty-eight of 134 birds examined were diagnosed pathologically and microbiologically to have colibacillosis. Clinically, the birds affected with colibacillosis sneezed, coughed, and were depressed-Colibacillosis occurred most frequently between six to eight weeks of hepatic peritoneal sac were markedly thickened with caseous exudate. The air sac, peritoneum, mesentery, and gaStrOinteStlna1 SerOSa had Similar changes. In Severely affected chickens, there were adhesions between age. Macroscopically, the pericardium, epicardium, and the pericardium and epicardium. Adhesions between the hepatic peritoneal sacs and the hepatic capsule were seen occasionally but those separated easily. The liver and spleen were moderately enlarged. Birds older than three weeks of age had marked atrophy of the bursa of Fabricius. In six chickens, the oviduct was enlarged and contained caseous exudate. Hock joints sometimes were swollen, and those articular cavities were filled with caseous exudate.
Histologically, colibacillosis was divided into two types of lesions-acute septicemia (7 of 48 birds) and subacute serositis (4 1 of 48 birds). Nine of the 4 1 birds had serositis alone; 32 of 41 had septicemia plus subacute serositis. Lesions of acute septicemia were seen in the chicks from the time of hatching through five weeks of age. Subacute serositis plus septicemia was seen from one through eight weeks of age and subacute serositis alone was seen from two through eight weeks of age.
Acute septicemia: The spleen had multiple necroses of the ellipsoids ( fig. 1 ) and some lymphoid follicles accompanied with fibrinous exudation and bacterial clumps (gram-negative rods). Cellular response against such necrotic lesions was scarce. Fibrinous thrombi were noted frequently in the sinusoids of the liver (fig. 2 ) and occasionally there was necrosis of hepatocytes. There were no serosal lesions. Respiratory lesions similar to those mentioned below were observed in three older chickens between 27 and 36 days of age.
Subacute serositis: Fibrinopurulent serositis with granulomatous lesions were characteristic in this group. The lesions of the spleen and liver seen in acute septicemia coexisted with these serosal lesions. Epicarditis was the most common serosal lesion, and it vaned in degree. In initial lesions, the mesothelial cells of the epicardium were necrotic or lost and fibrinous exudate was present ( fig. 3 ). Submesothelial tissue was edematous and had mild heterophilic infiltration. Massive fibrinous exudate frequently accumulated in the submesothelial tissues ( fig. 4 ). When the mesothelial cells had necrosis that resulted in erosion, marked fibrinous exudate flowed from the submesothelial tissues into the pericardial cavity ( fig. 5 ). Submesothelial tissues were severely infiltrated by heterophils, macrophages, plasma cells, lymphocytes, and multinucleated giant cells. Capillary endothelial cells were swollen and pericapillary areas were edematous. In more severely affected epicardium, granulomatous lesions that consisted of eosinophilic debris (surrounded by multinucleated giant cells and macrophages) were observed ( fig.   6 ). In these instances, adhesions were found between the pericardium and epicardium ( fig. 6 ). Bacterial clumps (gram-negative rods) were often present in the debris. The pericardium had similar lesions to those in the epicardium. Initial changes occurred on the inner surface of the pericardium, but in more severely affected pericardium, the outer surface also was involved. Interstitial myocarditis, which consisted of interstitial cellular infiltration with atrophy and degeneration of myocardial fibers, was sometimes noted adjacent to the epicardial lesions.
Lesions of the hepatic peritoneal sac were similar to those of the pericardium. The hepatic capsule, (analogous to the epicardium) was not affected. The initial changes were fibrinous exudation with mesothelial cell destruction on the inner surface of the hepatic peritoneal sac ( fig. 7 ). Further, there was a large amount of fibrinous exudate in the hepatic peritoneal cavity ( fig.  8 ). Fibrinous exudate sometimes occurred on the outer surface of the hepatic peritoneal sac. Heterophils, macrophages, lymphocytes, and plasma cells were seen in the hepatic peritoneal sac and in the fibrinous exudate of the hepatic peritoneal cavity. There were occasional granulomatous lesions in the hepatic peritoneal sac. Lesions in the gastrointestinal serosa, mesentery, and peritoneum were identical to those described in the epicardium.
Respiratory lesions occurred in chickens which were older than two weeks and which had been affected with both types of lesions. In the trachea, hyperplasia of the epithelial cells and glandular cells with heterophilic and lymphocytic infiltration in the lamina propria was noted. Epithelial cells of the air sac were hyperplastic, degenerate, and necrotic-resulting in erosion with fibrinous exudates ( fig. 9 ). In the subepithelial tissue of the air sac, there was infiltration of heterophils, lymphocytes, and plasma cells with macrophages and fibroblasts. Lungs had fibrinous pleuropneumonia with granulomatous bronchopneumonia. Fibrinous and serous exudate with heterophils was sem in the pleura, interlobular septa, respiratory and blood capillaries, and parabronchial lumens. Granulomatous foci were localized in the parabronchi (fig. lo) , and sometimes in the interlobular septa and respiratory and blood capillaries. Pneumonia was more severe in the abdominal area of the lung than in the dorsal parts.
Fibrinopurulent salpingitis occurred in six birds (27 to 50 days of age) which had been affected with subacute serositis. The involved oviduct, especially the shell gland, had ulcers in the mucosa and marked hetero- philic infiltration with fibrinous exudate in the lumen. In addition, lesions included purulent meningitis in the cerebellum ( 1 chicken), fibrinopurulent yolksacculitis ( 1 chicken), arthritis (12 chickens), tenosynovitis (14 chickens), gout ( 1 chicken), and ascites (2 chickens) in the chickens affected with subacute serositis.
Lymphocytic depletion from lymphoid follicles in the bursa of Fabricius appeared in chickens older than two weeks of age and was marked in those older than three weeks.
Bacteriologically, E. coli was isolated from the trachea, heart, and air sac of the 48 chickens examined. E. coli was isolated from the oviduct that had been affected with fibrinopurulent salpingitis. Serotypes 0 7 8 and 0 2 comprised eight of 60 and five of 34 isolates, respectively. M.vcoplusma gullisepticurn was isolated from birds less than five weeks of age, but was isolated from birds older than six weeks. In addition, Klebsiella, Sulmonella, Streptococcus, Pseudomonus, or Proteus sp was isolated from the trachea or air sac.
Avian reovirus was isolated from the rectum and trachea of one-to seven-week old chickens. Fowl adenoviruses were also isolated from the rectum and trachea of three-to eight-week-old birds. Avian picornavirus ("avian nephritis ~i r u s "~) was isolated from the rectum of one-week-old birds. Serum antibody against infectious bursa1 disease virus was positive in chickens older than three weeks.
Discussion
Lesions observed in these cases of colibacillosis could be divided into two types, acute septicemia and subacute serositis. Most chickens affected with subacute serositis had similar lesions in the spleen and liver to those found in younger chickens which were affected with acute septicemia. Two types of lesions may occur depending on the age of chickens affected: younger birds with little resistance to infection suffered from acute septicemia and died in a fulminating course, while older chickens were resistant and survived the lesions in initial septicemic stages. They developed serosal lesions that resulted from subsequent bacterial colonization in the serosal system tissues.
Colibacillosis generally is considered to be acquired via the respiratory tract. Lesions of colibacillosis in the chicken have been produced more consistently by air sac inoculation of E. coli than by inoculation by other routes (oral, intranasal, intravenous, and intraperitoneal).9 Both types of lesions frequently coexisted with the respiratory lesions. Therefore, respiratory lesions appear to be an important factor in the pathogenesis of this disease. The etiology of airsacculitis in our chickens remained obscure; lesions were similar to air sac lesions in "chronic respiratory di~ease."~,' Mixed infections of E. coli and other agents such as myc~plasma,'~'~ infectious bronchitis,'. '? and Newcastle disease virus,3 induced more severe lesions in air sacs than single infections. Bacteriological findings indicated that airsacculitis in these chickens was not related to M. gallisepticum in younger birds but was associated with this agent in chickens older than six weeks. The possibility that other agents (Newcastle disease virus vaccine, fowl adenovirus, and avian reovirus) also may contribute to the development of respiratory lesions should be considered.
Fibrinous inflammation was observed in these lesions of colibacillosis. The fibrinous exudate suggested severe acute vascular injury. 13 It is interesting to speculate on the relationship between bacterial endotoxin and vascular damage. Many heterophils soon appear in the fibrinous exudate-since it is chemotactic. ' There were several differences between serosal lesions of the heart and liver. In the heart, both the pericardium and epicardium were involved, while in the liver only the hepatic peritoneal sac was affected; the hepatic capsule was not. These differences probably are due to structural differences between the hepatic capsule and epicardium; the hepatic capsule is composed of fibrous connective tissue with poor cellular elements and blood capillaries; the epicardium has loose connective tissue that is rich in histiocytes, fibroblasts, and blood capillaries. Therefore, the adhesions between the hepatic peritoneal sac and the hepatic capsule were not so strong and could be peeled off easily.
In this study, chickens older than two weeks had bursal regressive change and serum antibody against infectious bursal disease virus. Experiments indicated that bursal regressive changes due to infectious bursal disease virus, l 4 or bursectomy l o enhanced colibacillosis in the chickens. Infectious bursal disease virus infection may facilitate colibacillosis in field cases.
Most E. coli isolated from chickens affected with colibacillosis belong to group 02-some are isolates of 078.5.6.'1 Strains 0 2 or 0 7 8 were rare in the present chickens. This cannot be explained.
The respiratory disease caused by mycoplasmal infection once had been named "chronic respiratory disease," and the disease due to mycoplasma and other agents (bacteria or viruses) was named "complicated chronic respiratory disease." Recently, these terms have been avoided and etiological terms are used for the diagnosis. Lesions of the present cases were similar to lesions induced experimentally by inoculation of E. coli only. It was suggested that lesions of our study were produced primarily by E. coli and that "colibacillosis" was a more suitable name than "complicated chronic respiratory disease."
